The objectives of this study were to investigate Salmonella carriage at each stage of pig production (farrow to finish) on 10 commercial pig farms having a historically high Salmonella seroprevalence and to establish the role of feed as a source of Salmonella on the farms. Pig faecal (n=458) and feed (n=321) samples were taken across all pig production stages and analysed for the presence of Salmonella. The pathogen was detected in pigs on nine farms, in 58/458 (12.7%) faecal samples, with a high prevalence among gilts, weaners and finishers. Only 7/321 (2%) of feed samples were Salmonella-positive, with four farms having at least one Salmonella-positive feed sample. The serovar recovered (4, 12:i:-) was also detected in pigs on the same farms, suggesting that it may have originated in the feed supplied to the farm. On the other hand, the feed may have been contaminated on the farm and in this way played a role in transmission of Salmonella.
Introduction
Salmonella carriage in pigs is a significant food safety issue. The European Food Safety Authority has highlighted that feed is a risk factor for Salmonella prevalence in pigs (EFSA, 2008a) . The presence of Salmonella in feed can lead to the introduction of Salmonella into pathogen-free herds, an increase in shedding prevalence and the spread of Salmonella in pigs (EFSA, 2007) . A study by Molla et al. (2010) showed genotypically related and in some cases clonal Salmonella strains including multidrug resistant isolates in commercially processed pig feed and pig faecal samples.
A revised National Pig Salmonella Control Programme was implemented in Ireland in January 2010, with monitoring based on determining the Salmonella status of pig herds by serological testing of meat juice at slaughter. However, a recent study has shown that 45% of pigs presented for slaughter in Ireland are caecally positive (Duggan et al., 2010) . Furthermore, Ireland had the highest carcass contamination rate (20%) in a 2006-2007 EU baseline survey of Salmonella in slaughter pigs (EFSA, 2008b) . In a 'Farm to Fork' food safety concept, safe feed is the first step in ensuring safe food. Therefore, the aim of this study was to carry out an in-depth study on 10 commercial pig farms having a historically high Salmonella seroprevalence to firstly identify which production stages are the principal harbours of Salmonella infection in pigs and secondly, to assess the occurrence of Salmonella in pig feed throughout the different production stages on these farms and thereby assess potential risks as well as epidemiological relationships.
Material and Methods

On-farm sampling
The number of farms studied and the number of samples taken were in accordance with statistical advice. Farms (n=10) identified for sampling were selected from those with a history of high (>50%) Salmonella sero-prevalence in the Department of Agriculture, Food and the Marine Irish Pig Salmonella Control Programme. On-farm sampling was carried out from March-August 2012 with each farm being visited on one occasion between these dates. On each farm, a number of composite faecal samples were collected at random from at least 3 pigs per production stage, directly from the rectum via digital stimulation or from freshly voided faeces. For all stages of production, where insufficient faecal samples were obtained, sterile pairs of gauze socks were used to swab the pen. Feed samples (50-100g) which included liquid and pelleted dry feed, depending on the farm and production stage were taken from troughs, hoppers and storage areas (feed bins, feed tanks) on the farms. After collection, all samples were immediately transported on ice to the laboratory, where they were stored at 4˚C until analysis (within 24 h).
Microbiological analysis of samples
The presence/absence of Salmonella in 10g samples was determined according to standard microbiological procedures (EN ISO 6579:2008) with modified brilliant green agar (Oxoid, Basingstoke, Hampshire, UK) used for additional selective plating. Presumptive Salmonella isolates were tested using a Salmonella latex agglutination kit (Oxoid) and confirmed as Salmonella using real-time PCR (Prendergast et al., 2012; McCabe et al., 2011; Fricker et al., 2007) . One Salmonella isolate per positive sample was serotyped based on O-and H-group antigens according to the White-Kaufmann-Le Minor scheme.
Results
Salmonella was detected in 58/458 (12.7%) faecal samples across all production stages on 9 farms (Table 1) with an overall prevalence of 10% (95% confidence interval). Only farm H had no Salmonella-positive faecal samples. Six different serotypes were recovered, with a monophasic variant of Typhimurium (4,12:i:-) predominating, accounting for 40.9% (18/44) of all isolates recovered. The other serotypes recovered were Derby (18.2%; 8/44), Typhimurium (18.2%; 8/44), Typhimurium Copenhagen (11.4%; 5/44), Infantis (9.1%; 4/44), and 4,5,12:i:-(2.3%; 1/44), each from one herd. There was no consistent pattern of infection; however, large numbers of positive animals were detected within gilts, weaners and finishers (16.7, 15.3, 16 .7 and 16.7% respectively). Three farms (A, E and G) had notably higher prevalence than the other farms (22.9, 24.4 and 17.1% respectively). Only 7/321 (2%) feed samples taken across all production stages were Salmonella-positive (Table 2) . These Salmonellapositive feed samples originated on four farms (A, B, F and G) and the Salmonella isolated from them were identified as 4,12:i:-, Typhimurium and Typhimurium Copenhagen. Three of the positive feed samples originated on farms using liquid feed (farms A and F). The Salmonella-positive feed samples were generally recovered at only one stage of production, although on farms A and B they were found at two stages (farrowing and 2 nd stage weaner on farm A; and 1 st stage weaner and finisher on farm B). Feed sampled from gilts had the highest Salmonella prevalence (Table 2) .
Discussion
Salmonella was recovered from the pigs on 9 of 10 commercial farms. This was to be expected, as all had been chosen from those with a history of high Salmonella seroprevalence. The Salmonella 4,12:i:-variant that predominated in the pigs is one of a number of monophasic variants of the serovar Typhimurium, that have been emerging in Europe and are of increasing food safety concern (EFSA, 2010). The lack of recovery of Salmonella from any production stage on one of the farms may be accounted for by the fact that this farm had low seroprevalence during the study period, highlighting the cyclical nature of Salmonella contamination on farms (White et al., 2006) . Of the three farms with the highest Salmonella prevalence, only one had high seroprevalence during the study period, demonstrating the lack of correlation between bacteriological and serological data. Across all of the farms large numbers of positive animals were detected within the gilt, weaner and finisher production stages. High carriage rates are commonly seen in weaners and finishers (Davies et al., 1999) ; however, few studies have investigated Salmonella carriage from farrow to finish. The high prevalence within the replacement breeding stock (gilts) indicates that these animals may be an important source of onfarm Salmonella infection and this is of particular importance on farms where replacement breeding stock are purchased onto the unit.
Salmonella prevalence in feed sampled on-farm was low. However, finding Salmonella in at least one of the feed samples tested from almost half of the farms examined could indicate that the organism was quite ubiquitous considering the large volume of feed contained on-site and the relatively small portion of feed sampled for testing. However, as all except one of the Salmonella-positive feed samples were taken from troughs within the animal pens, the possibility of on-farm contamination by the pigs is highly likely. Therefore, we cannot ascertain if the feed is the cause of infection or rather a vector for its transmission. However, as the pig faeces harboured the same serovar as the feed from the same production stage on three of the farms it is likely that the feed became contaminated by the pigs on-farm.
In order to establish if the Salmonella contamination originated from the purchased feed or if on-farm contamination occurred, genetic subtyping using pulsed field gel electrophoresis (PFGE) and multi-locus variable number tandem repeat analysis will be used to ascertain if the same Salmonella strains were found in the feed and the pigs. This will provide important additional epidemiological information. In addition, sampling of feed and feed ingredients from the commercial feed mills supplying our study farms is on-going and will help to further assess the risk posed by Salmonella in pig feed. It is interesting to note that three of the seven Salmonella-positive feed samples were from liquid feed systems, as many investigators have shown that pig herds fed dry vs. wet diets are at increased risk of having high Salmonella seroprevalence (van der Wolf et al., 2001) . Overall, the results from the present study indicate that the risk from feed is low with the detection of Salmonella-positive pigs on farms with Salmonella-negative feed samples demonstrating that there are multiple sources of Salmonella infection on pig farms. The importance of these sources may vary by production stage, farm and over time.
Although feed could not be singled out as the main source of the Salmonella isolated from the pigs in the present study, it nonetheless cannot be ruled out as a risk factor in the transmission of Salmonella and therefore, its control in feed should be considered an essential component of any control program.
Conclusion
Salmonella prevalence in feed samples taken on-farm was low. However, further research is needed to ascertain whether it originated in commercial feed supplied to the farms or if its presence in feed was as a result of on-farm contamination.
